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[57] Abstract: 

PROBLEM TO BE SOLVED: To obtain a liquid crystal display device, showing uniform 
brightness in the display screen, which is improved contrast and luminance which 
displays high-quality images while preventing generation of cross talk by forming 
columnar spacers each containing uniform density of particles, having a size which is 
almost the same as the thickness of the liquid crystal layer formed between a pair of 
substrates which constitute the liquid crystal panel. SOLUTION: Columnar spacers SP 
are formed on at least one of a pair of substrates. Each columnar spacer SP consists of a 
resin PRS containing particles RU having a size almost the same as the cell gap. The 
particles RU are made of spherical, spheroidal or short fiber type silica beads, polymer 
beads or the like. Thereby, even when the height of the resin which constitutes the 
columnar spacers SP is smaller than the cell gap, the desired cell gas can be maintained 
by the particles RU and the cell gap is made uniform. Thus, a display screen with 
uniform brightness can be obtd. 
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LIQUID CRYSTAL DISPLAY DEVICE AND FABRICATION METHOD THEREOF 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a liquid crystal display device and, more 
particularly, to a liquid crystal display device provided with a spacer having a novel 
construction for keeping the distance between a pair of substrates which seal liquid 
crystal compounds constituting a liquid crystal layer uniformly, as well as to a method of 
fabricating such a Uquid crystal display device. 

2. Description of the Related Art 

Liquid crystal display devices are widely used as display devices which are 
able to provide high-resolution and color display for notebook type computers or 
computer monitors. 

These kinds of liquid crystal display devices basically includes a so-called 
liquid crystal panel in which liquid crystal compounds are interposed between at least 
two opposed substrates at least one of which is made of transparent glass, plastics or the 
like, and are generally divided into a simple matrix type which selectively appUes 
voltages to various kinds of pixel-forming electrodes formed over the substrates of the 
liquid crystal panel and turns on and off predetermined pixels, and an active matrix type 
in which the various kinds of electrodes and pixel-selecting active elements are formed 
to tum on and off predetermined pixels by making selection from these active elements. 

The active matrix type liquid crystal display devices are represented by a type 
which uses thin film transistors (TFTs) as active elements. Liquid crystal display 
devices using thin film transistors have been widely spread as monitors for display 
terminals of OA equipment because of their thin sizes and light weights as well as their 
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high image quaUties which compare with Braim tubes. 

The display methods of such a Uquid crystal display device are generally 
divided into the following two methods according to the difference between their liquid 
crystal driving methods. One of the methods is to interpose liquid crystal compounds 
between two substrates on both of which transparent electrodes are formed, operate the 
liquid crystal compounds by applying voltages to the respective transparent electrodes, 
and modulate light passing through the transparent electrodes and entering the layer of 
the liquid crystal compounds for displaying an image, thereby. This method is adopted 
to abnost all currently popular products. 

The other method is to operate a liquid crystal by an electric field which is 
generated between two electrodes formed on the same substrate, nearly in parallel with 
the surface thereof, and modulate light entering the layer of liquid crystal compoimds 
through the gap between the two electrodes, for displaying an image thereby. This 
method is also called a lateral electric field type method or an IPS (In-Plane-Switching) 
method, and active matrix liquid crystal display devices adopting this method have the 
feature of remarkably wide viewing angles. The feature of this method is described in, 
for example, Intemational Patent Publication No. 505247/1993, Japanese Patent 
Publication No. 21907/1988 and Japanese Patent Laid-Open No. 160878/1994. This 
type of liquid crystal display device will be hereinafter referred to as the lateral electric 
field type of liquid crystal display device. 

Fig. 14 is a cross-sectional view of the essential portion of the lateral electric 
field type of liquid crystal display device, and illustrates an electric field to be formed 
in the same. This liquid crystal display device has video signal lines DL, coxmter 
electrodes CT and pixel electrodes PX all of which are formed on a substrate SUB 1 , as 
well as an orientation control layer ORIl formed at the interface between a protective 
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layer PS V and a layer LC of liquid crystal compounds both of which are formed over 
these portions DL, CT and PX. The liquid crystal display device also has color filters 
FIL partitioned by a black matrix BM, an overcoat layer OC being deposited to prevent 
the constituent materials of the color filter or the black matrix fi-om affecting the liquid 
crystal compoimds (hereinafter called the liquid crystal, also) constituting the liquid 
crystal layer LC, and an orientation control layer ORI2 formed at the interface between 
the overcoat layer OC and the layer of the liquid crystal LC, each of which is formed 
over the other substrate SUB2. 

Insulating layers GI and AOF are formed over the substrate SUBl . The video 
signal lines DL are made of two conductive layers dl and d2, the counter electrodes CT 
are made of a conductive layer gl, and the pixel electrodes PX are made of a conductive 
layer g2. 

Furthermore, the distance between the pair of substrates SUBl and SUB2 (the 
thickness of the layer of the liquid crystal compounds or the gap between the substrates 
SUBl and SUB2: a cell gap) is generally set to a predetermined value by dispersing 
spherical spacers (not shown) between both substrates. Polarizers POLl and POL2 are 
respectively disposed on the external surfaces of the substrates SUBl and SUB2. 

In addition, although not associated with the lateral electric field type of liquid 
crystal display device, Japanese Patent Laid-Open No. 73088/1997 discloses the art of 
forming conical spacers on a protective film of a color filter substrate in such a manner 
as to be fixed to the substrate or stacking color filter layers to form cylindrical spacers 
fixedly, instead of forming such spherical spacers. 

In the invention disclosed in Japanese Patent Laid-Open No. 73088/1997, in 
the case of the spherical spacers, the spacers are formed to be fixed to the substrate in 
order to solve the problem that contrast is lowered by light leaks firom portions 
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surrounding the spacers, or that the spacers are so non-uniformly dispersed in the step of 
dispersing the spacers over the substrate as to cause a display defect. 

Another method of forming spacers which keep the gap between substrates is 
disclosed in Japanese Patent Laid-Open No. 325298/1995. This method uses a step of 
stacking a photosensitive sheet having a base film coated with a photosensitive resin on a 
substrate and a photolithographic process including an exposure step using a mask and a 
development step. This method aims to uniformalize the film thickness of the spacers 
and prevent color irregularity. 

SUMMARY OF THE INVENTION 

There are two problems to be solved by the present invention. One of the 
problems relates to a liquid crystal display device in which spacers are formed to be 
fixed to a substrate. The spacers fixed in this manner will be hereinafter referred to as 
the columnar spacers. 

Since the spacers are formed for the purpose of uniformalizing a cell gap, the 
film thickness of the colvmmar spacers needs to be imiformalized. For this reason, for 
example, in the aforementioned Japanese Patent Laid-Open No. 325298/1995, a 
photosensitive sheet having a photosensitive resin of uniform film thickness formed 
over a base film in advance is stacked on the substrate, and the columnar spacers are 
formed through a photolithographic process. 

This method is considered to be superior in terms of the uniformity of film 
thickness compared to a method of coating a substrate with a photosensitive resin, for 
example, a spin coating method. However, in the photolithographic process after the 
stacking of the photosensitive sheet, non-uniformity occurs in the film thickness of the 
columnar spacers within each substrate surface or among individual substrates owing to 



the uniformity of in-plane distribution of the irradiation intensity of exposure light, 
in-plane non-uniformity in a development step, or the like. As a result, brightness 
irregularity due to the non-imiformity of the cell gap occurs.. 

In the fabrication of a liquid crystal display device, the mechanical 
characteristics of spacers are important. The substrate surfaces of the liquid crystal 
display device are not flat and have small steps (1 jim or less). Even if the film thickness 
of the spacers is uniform, certain portions of the substrate surface on which the spacers 
are disposed have possibility of constituting non-uniform steps. Therefore, for making 
the cell gap xmiformly, it is necessary to squeeze the spacers between the substrates or to 
press the spacers into constituent layers on the substrates. Accordingly, the colimmar 
spacers are also required to have characteristics such as elasticity and hardness 
equivalent to those of spherical spacers. However, it is difficult to require the columnar 
spacers made of an organic material such as a photosensitive resin to have mechanical 
characteristic equivalent to that of spherical spacers made of an inorganic material such 
as glass or silica or that of spherical spacers formed of a plastic material. 

The second problem to be solved by the present invention is subject matter 
associated with pixel design in the lateral electric field type of liquid crystal display 
device. If the distance between electrodes is made as large, or the optical density of the 
black matrix BM is made as high as the conventionally used technique, the following 
problems occur. 

If the distance between the video signal line DL and the counter electrode CT 
or the distance between the video signal line DL and the pixel electrode PX is so 
increased as to decrease the electric field strength therebetween, a display pixel area is 
forced to be so reduced as to incur a decrccise in brightness thereof due to a decrease in 
the aperture ratio thereof or an increase in power consumption thereby. 



On the other hand, if the optical density of the black matrix BM is to be 
increased, the following problems occur. Li the lateral electric field type of liquid crystal 
display device, the black matrix BM needs to have high resistance (for example, 
Japanese Patent Laid-Open No. 43589/1997). The electrical characteristics of the black 
matrix BM affect the formation of a lateral electric field approximately parallel to the 
substrate, and if the resistance of the black matrix BM is low, an ideal lateral electric 
field is not formed, so that there occur problems such as a decrease in brightness, a 
decrease in contrast and a reduction in viewing angle. 

To give the black matrix BM high resistance, it is preferable to use a pigment 
dispersion type photosensitive resin. At this time, if the pigment density ratio in the 
photosensitive resin is increased so that the optical density of the black matrix BM is 
increased, the resin density decreases and the processing precision of a 
photolithographic process is degraded. Specifically, there occur problems such as a 
decrease in resolution (during the exposure step), a decrease in development margin and 
the occurrence of pigment residues. 

If the film thickness of the black matrix BM is increased so that the optical 
density is increased, the flatness of a color filter is degraded and a deterioration occurs in 
the rubbing characteristics of an orientation control layer ORI2 and the cell gap become 
difficult to uniformalize, leading to a defective display quality such as a degradation in 
response speed. 

The present invention aims to solve the above-described two problems, and a 
first object of the present invention is to uniformalize the brightness of its display screen 
of the liquid crystal display device, or to provide a liquid crystal display device being 
fi-ee of decreases in both contrast and brightness as well as occurrence of crosstalk 
therein without decreasing aperture ratio thereof even if a black matrix of comparatively 
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low optical density is used therein. 

A second object of the present invention is to provide a method of fabricating 
the above-described Uquid crystal display device. 

To achieve the first object, the present invention is characterized by being 
provided with colunmar spacers each of which contains at a uniform density grains of 
size approximately equal to the thickness of a liquid crystal layer formed between a pair 
of substrates which constitute a liquid crystal panel. 

Typical constructions for achieving the first object of the present invention are 
as described below in (1) to (3). 

(1) A liquid crystal display device includes: a liquid crystal panel having a pair of 
substrates at least one of which is transparent, at least two or more kinds of color filters 
of different colors for displaying a color display, which are formed over one of the pair 
of substrates, a black matrix inserted between each of the color filters, electrode groups 
formed over the pair of substrates, a liquid crystal layer having dielectric anisotropy 
between the pair of substrates, and an orientation control layer for aligning a molecular 
orientation of liquid crystal compounds constituting this liquid crystal layer in a 
predetermined direction; and driving means for applying driving voltages to the 
electrode groups. In the liquid crystal display device, at least one of the pair of 
substrates has coliminar spacers made of a resin in which grains each having a size 
approximately equal to a desired thickness of the liquid crystal layer is approximately 
uniformly dispersed. 

According to this construction, it is possible to obtain a liquid crystal display 
device in which the brightness of its display screen is imiformalized and decreases in 
contrast and brightness as well as crosstalk are prevented. 

(2) hi the above construction (1), a diameter of each of the grains contained in the 
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columnar spacers is smaller than the thickness of a liquid crystal layer in a central 
portion of a pixel formed in the black matrix of the liquid crystal panel. 

According to this construction, it is possible to obtain a liquid crystal display 
device which is imiformalized in the brightness of its display screen and is not decreased 
in aperture ratio and in which decreases in contrast and brightness as well as crosstalk 
are prevented. 

(3) In the above construction (1) or (2), a dielectric constant or an electric 
conductivity of each of the columnar spacers is higher than that of Uquid crystal 
compounds which constitute the Uqxiid crystal layer, and each of the colunmar spacers is 
formed in a portion between the signal line and a conmion line which are disposed at a 
position hidden by the black matrix. 

According to this construction, it is possible to obtain a liquid crystal display 
device which is uniformaUzed in the brightness of its display screen and is not decreased 
in aperture ratio and in which even if a black matrix of comparatively low optical density 
is used, decreases in contrast and brightness as well as the occurrence of crosstalk are 
prevented. 

To achieve the second object, the present invention is characterized by 
forming columnar spacers each of which contains at a uniform density grains of size 
approximately equal to the thickness of a liquid crystal layer formed between a pair of 
substrates which constitute a liquid crystal panel. 

Typical methods of fabricating a liquid crystal display device for achieving the 
second object of the present invention are as described below in (4) and (5). 

(4) A method of fabricating a liquid crystal display device includes: a liquid 
crystal panel having a pair of substrates at least one of which is transparent, at least two 
or more kinds of color filters of different colors for displaying a color display, which are 
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formed over one of the pair of substrates, a black matrix inserted between each of the 
color filters, electrode groups including signal lines and common lines all of which are 
formed over the other of the pair of substrates, a liquid crystal layer having dielectric 
anisotropy between the pair of substrates opposed to each other with a predetermined 
gap interposed therebetween, an orientation control layer for aligning a molecular 
orientation of the liquid crystal layer in a predetermined direction, and columnar spacers 
made of a resin in which grains each having a size approximately equal to a desired 
thickness of the liquid crystal layer is dispersed at a uniform density, the colunmar 
spacers being formed over at least one of the pair of substrates: polarizers stacked on the 
respective substrates with their polarizing axes intersecting with each other; and driving 
means for applying driving voltages to the electrode groups. The method includes: 
sticking a photosensitive transfer sheet having a photosensitive resin layer stacked over a 
surface of a base film to one substrate which constitutes the pair of substrates, with the 
photosensitive resin layer being opposed to the one substrate, the photosensitive resin 
layer containing grains having a grain size approximately equal to the predetermined 
gap; and exposing and developing the photosensitive resin layer via a mask having an 
aperture pattern corresponding to positions at which to form the colimmar spacers, and 
removing an unexposed portion of the photosensitive resin layer with an exposed portion 
being left, thereby forming the columnar spacers each made of a resin in which grains 
each having a size approximately equal to a thickness of the liquid crystal layer is 
approximately xmiformly dispersed. 

By using this fabrication method, it is possible to fabricate a liquid crystal 
display device which is imiformalized in the brightness of its display screen and is not 
decreased in aperture ratio and in which even if a black matrix of comparatively low 
optical density is used, decreases in contrast and brightness as well as the occurrence of 
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crosstalk are prevented.. 

(5) A method of fabricating a liquid crystal display device includes: a liquid 
crystal panel having a pair of substrates at least one of which is transparent, at least two 
or more kinds of color filters of different colors for displaying a color display, which are 
formed over one of the pair of substrates, a black matrix inserted between each of the 
color filters, electrode groups including signal lines and common lines all of which are 
formed over the other of the pair of substrates, a liquid crystal layer having dielectric 
anisotropy between the pair of substrates opposed to each other with a predetermined 
gap interposed therebetween, an orientation control layer for aligning a molecular 
orientation of the liquid crystal layer in a predetermined direction, and columnar spacers 
made of a resin in which grains each having a size approximately equal to a desired 
thickness of the liquid crystal layer is dispersed at a imiform density, the columnar 
spacers being formed over at least one of the pair of substrates: polarizers stacked on the 
respective substrates with their polarizing axes intersecting with each other; and driving 
means for applying driving voltages to the electrode groups. The method includes: 
sticking a thermal transfer sheet having a thermodeposital resin layer stacked over a 
surface of a base film to one substrate which constitutes the pair of substrates, with the 
thermodeposital resin layer being opposed to the one substrate, the thermodeposital resin 
layer containing grains having a grain size approximately equal to the predetermined 
gap; and selectively heating portions of the thermal transfer sheet which correspond to 
positions at which to form the columnar spacers, fusing only the heated portions to the 
one substrate, and removing unheated portions and the thermal transfer sheet, thereby 
forming the columnar spacers each made of a resin in which grains each having a size 
approximately equal to a thickness of the liquid crystal layer is approximately imiformly 
dispersed. 
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By using this fabrication method, it is possible to fabricate a liquid crystal 
display device which is uniformalized in the brightness of its display screen and is not 
decreased in aperture ratio and in which even if a black matrix of comparatively low 
optical density is used, decreases in contrast and brightness as well as the occurrence of 
crosstalk are prevented. 

Furthermore, the present invention is not Umited to any of the above-described 
constructions, and can also be applied to a so-called vertical electric field type of active 
matrix type Uquid crystal display device or a simple matrix type of liquid crystal display 
device which includes a pair of substrates each having pixel selecting electrodes and 
forms an electric field in a direction perpendicular to the pair of substrates to control the 
direction of aUgnment of Uquid crystal compounds which constitute a Uquid crystal layer. 
The fabrication method can also be applied to various other kinds of display devices in 
which it is necessary to set small gaps. 

Various modifications of the present invention can be made without departing 
from the technical ideas described in the appended claims.. 

These and other objects, features and advantages of the present invention wiU 
become more apparent from the following description when taken in conjunction with 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a plan view of a pixel and a periphery thereof being formed in a liquid 
crystal display panel of the lateral electric field type active matrix Uquid crystal display 
device as a first embodiment of the liquid crystal display device according to the present 
invention for explaining a construction thereof schematically; 

Fig. 2 is a cross sectional view being taken along a line 1-1' of Fig. 1 ; 
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Fig. 3 is a plan view of a pixel and a periphery thereof being formed in a liquid 
crystal display panel of the lateral electric field type active matrix liquid crystal display 
device as a second embodiment of the liquid crystal display device according to the 
present invention for explaining a construction thereof schematically; 

Fig. 4 is a cross sectional view of a first example of transfer sheets for forming 
columnar spacers for explaining the fabrication method of the hquid crystal display 
device according to the present invention; 

Fig. 5 is a cross sectional view of a second example of transfer sheets for 
forming columnar spacers for explaining the fabrication method of the liquid crystal 
display device according to the present invention; 

Fig. 6 is a cross sectional view of a third example of transfer sheets for forming 
columnar spacers for explaining the fabrication method of the hquid crystal display 
device according to the present invention; 

Figs. 7 A through 7D are schematic process diagrams for explaining a first 
embodiment of the fabrication method of the color filter substrate according to the 
present invention including the forming method of the columnar spacers using the 
photosensitive transfer sheet being explained with reference to Fig. 4; 

Figs. 8 A through 8D are schematic process diagrams for explaining a second 
embodiment of the fabrication method of the color filter substrate according to the 
present invention including the forming method of the columnar spacers using the 
photosensitive transfer sheet being explained with reference to Fig. 4; 

Figs. 9A and 9B are schematic process diagrams for explaining a third 
embodiment of the fabrication method of the color filter substrate according to the 
present invention including the forming method of the columnar spacers using the 
thermal transfer sheet being explained with reference to Fig. 4; 
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Fig. 10 is an explanatory diagram showing driving means for the liquid crystal 
display device to which the present invention is applied; 

Fig. 1 1 is an explanatory diagram of one instance of driving waveforms of the 
liquid crystal display device to which the present invention is applied; 

Fig. 12 is a disassembled squint view of a Uquid crystal display device for 
explaining a whole construction of the liquid crystal display devices according to the 
present invention; 

Fig. 13 is a squint view of a notebook type computer as one instance of 
electronic equipment in which a liquid crystal display device according to the present 
invention is mounted; and 

Fig. 14 is a cross sectional view of a lateral electric field type liquid crystal 
display device for explaining an electric field being generated therein. 

DETAILED DESCRIPTION 

Embodiments of the present invention will be explained below in detail 
hereinafter with reference to the drawings related thereto. 

Fig. 1 is a plan view schematically illustrating the construction of the essential 
portion of the vicinity of the pixel of a liquid crystal display panel constituting a lateral 
electric field type active matrix liquid crystal display device as a first embodiment of the 
liquid crystal display device according to the present invention. Fig. 2 is a 
cross-sectional view of the essential portion taken along line 1-1' of Fig. 1. 

Incidentally, in Figs. 1 and 2, reference signs identical to those shown in Fig. 
14 correspond to identical fimctional portions, and various kinds of electrodes and 
structure layers all of which are disposed between a pair of substrates SUB 1 and SUB2 
are similar to those shown in Fig. 14 except for colunmar spacers SP and grains RU 
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contained therein.. 

In Fig. 1 , symbol DL denotes a video signal line, symbol SD2 a drain electrode 
extending from the video signal line, symbol CL a counter voltage signal line, symbol 
CT a counter electrode identical to the counter voltage signal line, symbol PX a pixel 
electrode, symbol SD 1 a source electrode identical to the pixel electrode, symbol Cstg a 
storage capacitance, symbol GL a scanning signal line, symbol GT a gate electrode 
identical to the scanning electrode, symbol BM a black matrix (shown by the boundary 
of the aperture thereof corresponding to the pixel), symbol TFT a thin fibn transistor, 
symbol SP a colxminar spacer, symbol PRS a resin, and symbol RU a grain. Incidentally, 
each hatched portion shown in Fig. 1 represents the area between the video signal line 
DL and the counter electrode CT. 

In Fig. 2, symbol SUB 1 denotes one of the substrates (an active matrix 
substrate or a TFT substrate), symbol SUB2 the other of the substrates (a color filter 
substrate), symbol GI a gate insulating layer, symbol PS V a passivation layer (a 
protective layer), symbol ORIl an alignment layer (an orientation control layer) formed 
over the substrate SUBl, symbol LC a liquid crystal, symbol ORI2 an alignment layer 
(an orientation control layer) formed over the substrate SUB2, symbol OC an overcoat 
layer (a leveling layer), symbol FIL a color filter, and symbol BM a black matrix. As 
apparent from Figs. 1 and 2, each pixel of the lateral electric field type liquid crystal 
display device to be referred in the present embodiment has a feature in that the position 
of the pixel electrode PX which generates an electric field to drive the liquid crystal LC 
(an electrode having a first potential) and the position of the counter electrode CT (an 
electrode having a second potential) are offset from each other with respect to the main 
surface of at least one of the pair of substrates SUBl and SUB2. In other words, the 
shown pixel structure of the present embodiment is such that the pixel electrode PX has 
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an area which is not opposed to the counter electrode CT in the thickness direction of the 
Uquid crystal layer LC, while the coimter electrode CT also has an area which is not 
opposed to the pixel electrode PX in the thickness direction. Accordingly, the pixel 
structure of the present embodiment differs from that of a so-called TN (Twisted 
Nematic) type of liquid crystal display device in which the entire area of the pixel 
electrode PX is opposed to the counter electrode (also called a conmion electrode) in the 
thickness direction of the liquid crystal LC. 

Symbol RU denotes the grain contained in the resin PRS which constitutes the 
columnar spacer SP, symbol DL (dl, d2) the video signal line, symbol CT (gl) the 
counter electrode, symbol PX (g2) the pixel electrode, and symbol AOF an insulating 
layer made of an aluminum oxide film. In case that the counter electrode CT, the 
scanning signal line GL, the scanning electrode GT and the like all of which are covered 
with the insulation layer (also called a gate insulating fihn) GI are formed of a single 
layer of aluminum or an alloy thereof, the aliuninum oxide film AOF is needed to avoid 
the electrical short circuit between any of these electrodes and lines and any of the image 
signal line DL, the source drain electrodes SDl and SD2 and the pixel electrode PX all 
of which are formed over the insulation layer GI. However, the alimiinum oxide film 
AOF is not needed in case that the signal lines and the electrodes all of which are 
covered with the insulation layer GI are formed by stacking, for example, a thin fihn of 
aluminum or an alloy thereof on a thin fihn of chromixmi (Cr), or are formed of a 
material other than aluminum. The above parenthesized signs dl, d2, gl and g2 denote 
conductor layers which form the above-described wiring (signal lines). 

POLl and POL2 denote polarizers which are respectively disposed on the 
outsides of the pair of substrates SUBl and SUB2. 
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The columnar spacer SP has a structure in which the resin PRS contains the 
grains RU having nearly the same size as the cell gap. The material of the grains RU 
may have a spherical or elliptical spherical shape such as that of a silica bead, a polymer 
bead or the like, or a non-spherical (non-elliptical) shape like a short-fiber shape. In 
addition, the material of the grains RU is not limited to transparent grains, and may also 
be black grains. 

Since the grains RU are contained in the columnar spacer SP, the desired cell 
gap can be ensured owing to the grains RU of the columnar spacer SP even if the height 
of the portion of the resin PRS which constitutes the columnar spacer SP is smaller than 
the cell gap. Accordingly, the cell gap becomes uniform, and a display screen of 
uniform brightness can be obtained. 

In addition, since the mechanical characteristic of the grains RU is added to 
the mechanical characteristic of the columnar spacer SP, it is possible to obtain a spacer 
having a mechanical characteristic similar to a spherical spacer. 

In the present embodiment, as shown in Fig. 2, the columnar spacer SP is 
fomied on the side of the color filter substrate (the other substrate SUB2), but it may also 
be formed on the side of the active matrix substrate (the other substrate SUBl). 

As shown in Fig. 1 , the columnar spacer SP is arranged to cover the area (the 
hatched area of Fig. 1) between the video signal line DL and the counter electrode CT. 

In the present embodiment, as shown in Fig. 1 , the nimiber of columnar 
spacers SP per pixel is six, and the number of grains RU contained in each of the 
columnar spacers SP is seven. This is one example, and both of these niunbers are 
determined arbitrarily. Although the six columnar spacers SP are arranged nearly at 
equal intervals, this arrangement is not limitative, and they may also be arranged in a 
staggered or random form. 
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The plan shape of the columnar spacer SP is not limited to the approximate 
square shown in Fig. 1 , and may also be other shapes such as circle, ellipse and diamond. 

Furthermore, the columnar spacer SP needs only to contain one or more grains 
RU, and if the columnar spacer SP is made to contain plural grains RU, it is preferable 
that the number of grains RU per unit area of the plane shape of the columnar spacer SP 
be made approximately uniform and the dispersion density be also made approximately 
uniform. 

According to this embodiment, it is possible to prevent undesirable light leak 
from the area between the video signal line DL and the counter electrode CT. The 
reason for this advantage will be described below. 

The liquid crystal LC exists only in a portion between the video signal line DL 
and the counter electrode CT. That is to say, in a peripheral portion of the pixel (in the 
present embodiment, between the video signal line DL and the counter electrode CT 
adjacent thereto), the liquid crystal LC exists only in a portion where the columnar 
spacer SP is absent. The liquid crystal LC is driven to change the light transmittance. 
Accordingly, as an area where the liquid crystal LC is present becomes smaller in the 
peripheral portion of the pixel, an area whose light transmittance changes by the 
behavior of the liquid crystal LC in this portion also becomes smaller, whereby the 
amount of light transmittance from between the video signal line DL and the counter 
electrode CT is decreased. 

Accordingly, as compared with a case in which the columnar spacers SP are 
absent, it is possible to reduce the required value of the optical density of the black 
matrix BM. Moreover, if the dielectric constant or the electric conductivity of the 
coliunnar spacer SP is higher than that of the liquid crystal LC, an electric field can more 
readily be formed around the columnar spacer SP than around the liquid crystal LC. 
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Accordingly, owing to the electric field between these electrodes (the video signal line 
DL and the counter electrode CT), the liquid crystal LC becomes difficult to drive. For 
this reason, light shielding can readily be effected even in a portion where the columnar 
spacers SP are absent. 

Referring to Figs. 1 and 2, the right and left ends of the pixel of the present 
embodiment are defined by the respective counter electrodes CT adjacent to the video 
signal lines DL on the side of the substrate SUBl. From this fact, it is apparent that the 
present invention can be applied to a TN type of liquid crystal display device or the like 
in which pixel electrodes and counter electrodes are respectively formed over the 
substrate SUBl and the substrate SUB2 by using a high-light-transmittance (hereinafter, 
transparent) material such as ITO (Indiiun-Tin-Oxide) and in such a manner as to be 
opposed to each other across the liquid crystal LC, and it is also apparent that it is 
possible to achieve the above-described effects even in such a TN type of liquid crystal 
display device. In other words, regarding both ends of the pixel electrode provided for 
each pixel on the side of the substrate SUBl over which thin film transistors are formed 
as the side of the coimter electrode CT facing the adjacent video signal line DL in the 
present embodiment, it is possible to obtain the above-described light shielding effect by 
disposing the columnar spacers SP of the present embodiment in such a manner as to 
cover the areas between the respective ends of the pixel electrode and the video signal 
lines. Moreover, if the gap between each of the video signal lines and the opposed 
counter electrode (also called a common electrode, in the TN type liquid crystal display 
device) is determined with the grains RU of the columnar spacers SP, the thickness of 
the liquid crystal (called, a cell gap) can be kept uniform over the entire display area of 
the liquid crystal display device. 
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Accordingly, from the viewpoint of the light shield effect, it is preferable for 
embodying the present invention that the spacers SP being formed by dispersing in the 
material (resin) PRS the grains RU smaller in elasticity or softer than this material 
should be formed over the substrate SUB 1 to cover at least the areas interposed between 
the ends of the pixel electrode and the opposed video signal lines so as to determine the 
gap between the substrate SUB 1 and the opposed substrate SUB2 (the cell gap) by the 
size of the above-described grains (in the case of grains of approximately spherical 
shape, the spherical diameter thereof). The grains RU and the material PRS, whether 
organic or inorganic, need only to satisfy the above-described relationship. It is 
recommended that the material PRS use a material which works as a binder for the 
grains RU to be dispersed therein. 

On the other hand, from the viewpoint of the uniformalization of the cell gap, 
it is preferable for embodying the present invention that the above-described spacers 
should be formed over the substrate SUBl to cover the video signal lines or over the 
substrate SUB2 to oppose the video signal lines. Referring to Fig. 2 by way of example, 
the bottom end portion of the grain disposed at a portion of a main surface of the 
substrate SUB2 being opposite to the above-described video signal line (refer to the 
central grain RU in Fig. 2) may be close to the upper surface of the substrate SUBl 
opposite to the substrate SUB2 (the surface of the orientation film ORIl, as the 
uppermost one of the plural layers stacked over the main surface of the substrate SUBl) 
with respect to the grains disposed in the other portions (refer to the right and left grains 
RU in Fig. 2). From another viewpoint, the spacer includes at least a first portion thereof 
covering one of a plurality of signal lines being disposed on the main surface of the 
substrate and a second portion thereof covering an area between this signal line and the 
electrodes for applying driving voltage to the liquid crystal layer being adjacent to this 



19 



signal line, and a thickness of the spacer at the first portion is determined by at least one 
of the grains being dispersed in the first portion. Contrarily, in case that the columnar 
spacer SP is formed over the main surface of the substrate SUBl, the top end portion of 
the grain formed over the video signal line may be close to the lower surface of the 
substrate SUB2 opposite to the substrate SUBl (the surface of the orientation film ORE, 
as the uppermost one of the plural layers stacked over the main surface of the substrate 
SUB2 when the substrate SUB2 shown in Fig. 2 is tumed upside down) with respect to 
the grains disposed in the other portions. 

In any of the viewpoints, some of the grains RU being contained in the 
above-described spacer SP and determining the cell gap keep either top or bottom end 
thereof in contact with the upper surface of one substrate (including the stacked matter 
formed over the main surface thereof) being opposite to the other substrate over which 
the spacer SP is formed. On the other hand, the others of the grains RU and the upper 
surface of the one substrate form gaps therebetween. As illustrated in the present 
embodiment, in case that the spacer SP is formed over the substrate SUB2, the spacer SP 
may be disposed on the overcoat layer OC for reducing the unevenness appearing a 
plurality of color filters. From a similar viewpoint, in case that the spacer SP is formed 
over the substrate SUBl, the spacer SP may be disposed on the protective layer PSV 
having the effect of reducing the unevenness appearing between signal lines or pixels. 
In addition, the orientation film ORIl or ORI2 is formed over the uppermost surface of 
at least either one of the substrates SUBl and SUB2. As in the present embodiment, in 
case that the spacer SP is covered with the orientation film ORI2 provided over the 
substrate SUB2 on which the spacer SP is formed, the orientation fihn ORI2 is 
interposed between the grain which determines the cell gap (in Fig. 2, the central grains 
RU) and the orientation film ORIl which constitutes the uppermost layer of the substrate 



20 



SUBl. However, the positional relationship between the orientation film ORIl and the 
bottom end portions of this grain (determining the cell gap) and the other grains (in Fig. 
2, the right and left grains) is as described previously, and the gap appearing between the 
latter grains and the orientation film ORIl is larger. This fact occurs even in case that 
the spacer SP is formed on the upper portion of the substrate SUBl and is covered with 
the orientation film ORIl . 

In a so-called simple matrix type Uquid crystal display device in which a group 
of plural stripe-shaped transparent electrodes is provided over one of a pair of substrates 
thereof, and another group of plural stripe-shaped transparent electrodes extending in the 
direction intersecting the group of transparent electrodes is provided over another of the 
pair of substrates, spacers according to the present embodiment may be provided 
between the stripe-shaped transparent electrodes belonging to either one of the groups of 
transparent electrodes. 

In case that the present invention is applied to a TN type liquid crystal display 
device or a simple matrix type liquid crystal display device instead of the present 
embodiment, the above-described spacers SP should be arranged to be opposite to the 
black matrix BM. Even if the spacers SP partly cover the counter electrodes CT (in the 
present embodiment), pixel electrodes (in the TN type liquid crystal display device) or 
the end portions of stripe-shaped transparent electrodes (in the simple matrix type liquid 
crystal display device) in the peripheral portions of pixels, no image display is impaired 
because these portions are opposed to the black matrix BM. 

Since the resin which constitutes the spacer SP generally uses an ultraviolet 
rays hardening photosensitive resin, the above-described dielectric constant and electric 
conductivity characteristics are difficult to control to their desired values. In the present 
embodiment, the electrical characteristics of the entire columnar spacer SP is controlled 
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by using the electrical characteristics of the grains RU contained in the columnar spacer 
SP. 

In case of making the dielectric constant and the electric conductivity of the 
columnar spacer SP larger than those of the liquid crystal, for example, carbon black or 
metal particulates are incorporated into the grains RU to be used or are made to adhere to 
the siu"faces thereof. 

Incidentally, in the present embodiment, the columnar spacers SP are formed 
over the color filter substrate (the substrate SUB2), but may also be formed over the 
active matrix substrate (the substrate SUBl) as described previously. 

According to the present embodiment, contrast and brightness are improved 
and the occurrence of crosstalk is prevented, whereby it is possible to obtain a liquid 
crystal display device having performance for displaying a high quality image. 

Fig. 3 is a plan view schematically illustrating the construction of the essential 
portion of the vicinity of a pixel of a liquid crystal panel constituting a lateral electric 
field type active matrix liquid crystal display device as a second embodiment of the 
liquid crystal display device according to the present invention. In Fig. 3, reference 
signs identical to those shown in Fig. 1 correspond to identical fimctional portions. 

Unlike the first embodiment in which a pluraUty of colxunnar spacers SP are 
formed between adjacent pixels, in the present embodiment, a bank-shaped columnar 
spacer is formed at each region between adjacent pixels. The other construction is 
similar to that of the first embodiment. 

Specifically, the columnar spacer SP is formed in a bank-like shape in the area 
between the video signal line DL and the coimter electrode CT being positioned in the 
portion between adjacent pixel areas in each of which the pixel electrode PX is disposed. 
The grains RU contained in the columnar spacer SP are uniformly dispersed by 
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approximately the same number per unit area. In addition, it is preferable that the 
dispersion density of the grains RU should be uniform in the whole area of the columnar 
spacer SP. 

Even with this embodiment, it is possible to prevent imdesirable light leak 
from the area between the video signal line DL and the counter electrode CT. The 
reason for this advantage is as described previously in connection with the first 
embodiment. Similarly to the first embodiment, the present embodiment can be applied 
to the TN type liquid crystal display device and the simple matrix type liquid crystal 
display device and can achieve such advantages as mentioned above. 

A fabrication method for the liquid crystal display device according to the 
present invention, i.e., an embodiment of a forming method for the columnar spacer SP, 
will be described below. 

Fig. 4 is a schematic cross-sectional view illustrating a first example of a 
transfer sheet for forming a columnar spacer, and illustrates the fabrication method for 
the liquid crystal display device according to the present invention. 

Symbol TPS denotes a transfer sheet, and either a photosensitive transfer sheet 
having a photosensitive resin layer PRS in which silica grains RU are uniformly 
dispersed and arrayed being stacked on a base film BSF, or a thermal transfer sheet 
having a thermodeposital resin layer TRS in which the silica grains RU are dispersed and 
arrayed being stacked on the base film BSF is used for the transfer sheet in this 
embodiment. 

Fig. 5 is a schematic cross-sectional view illustrating a second example of a 
transfer sheet for forming a columnar spacer, and illustrates the fabrication method for 
the liquid crystal display device according to the present invention. 
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A transfer sheet TFS is a photosensitive transfer sheet having the 
photosensitive resin layer PRS in which the siUca grains RU are dispersed and arrayed at 
the required locations, i.e., in only portions to be shaped into the coliramar spacers SP, 
being stacked on the base film BSF, or a thermal transfer sheet having the thermo-fusible 
adherent resin layer TRS in which the silica grains RU are dispersed and arrayed at only 
the required locations being stacked on the base film BSF. 

Fig. 6 is a schematic cross-sectional view illustrating a third example of a 
transfer sheet for forming a columnar spacer, and illustrates the fabrication method for 
the liquid crystal display device according to the present invention. 

The transfer sheet TFS is a photosensitive transfer sheet having the 
photosensitive resin layer PRS in which the silica grains RU are imiformly dispersed and 
arrayed being stacked via a separation layer SEPL, or a thermal transfer sheet having the 
thermo-fusible adherent resin layer TRS in which the silica grains RU are dispersed and 
arrayed being stacked on the base fihn BSF via a thermo-fusion/adhesion preventing 
layer ATAL. 

The fabrication method for the Uquid crystal display device according to the 
present invention using the above-described transfer sheet TFS will be described below. 

Figs. 7A to 7D are schematic process diagrams illustrating a first embodiment 
of a fabrication method for a color filter substrate, inclusive of a columnar-spacer 
forming method using the photosensitive transfer sheet described above with reference 
to Fig. 4, and the first embodiment is processed in the order of Steps (A) to (D) as 
follows. 

(A) A black photosensitive resin is applied to the substrate SUB2 of a glass 
substrate having a thickness of 0.7 mm or 1.1 mm, and is exposed via a photomask 
(exposure mask) having a predetermined aperture pattern which corresponds to the 
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layout pattern of a black matrix, developed and calcined, for forming the black matrix 
BM thereby. 

Then, the steps of exposure, development and calcination similar to the 
above-described steps are repeated with photosensitive red, green and blue resins, for 
forming respective color filters FBL (a red-colored layer FIL(R), a green-colored layer 
FIL(G) and a blue-colored layer FIL(B)) sequentially thereby. 

A protective layer (leveling layer) OC is deposited to cover the upper portion 
of the color filter FIL formed in this manner. (Regarding the above steps, refer to Fig. 
7A). 

Then, the photosensitive transfer sheet TFS having the photosensitive resin 
layer PRS in which the silica grains RU are dispersed and arrayed being stacked on the 
base film BSF is stuck to the protective layer OC. At this time, the photosensitive 
transfer sheet TFS is stuck to the protective layer OC so that the photosensitive resin 
layer PRS of the photosensitive transfer sheet TFS is fixed to the protective layer OC. 

(B) After the photosensitive resin layer PRS has been stuck to the protective 
layer OC, the base film BSF is peeled so that only the photosensitive resin layer PRS is 
left on the protective layer OC. (Refer to Fig. 7B.) 

(C) The photosensitive resin layer PRS is irradiated with ultraviolet rays via a 
photomask PMSK having an aperture pattern corresponding to positions at which the 
columnar spacers SP will be formed (in this step, immediately above the black matrix 
BM). In this step, the photosensitive resin is assumed to be of a negative type in which a 
portion irradiated with ultraviolet rays is hardened, but a photosensitive resin of a 
positive type in which a portion irradiated with ultraviolet rays is removed by 
development can also be used. In this case, a photomask having an aperture pattern 
which corresponds to portions other than positions at which to form the columnar 
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spacers SP. (Refer to Fig. 7C.) 

(D) After exposure, the unexposed portions of the photosensitive resin layer 
PRS are removed by development, and the columnar spacers SP in each of which the 
silica grains RU are dispersed and arrayed are formed by calcination. (Refer to Fig. 7D.) 

Incidentally, although the above description has referred to an example using 
the photosensitive transfer sheet shown in Fig. 4, a fabrication method using the 
photosensitive transfer sheet shown in Fig. 5 or 6 is also similar to the above-described 
fabrication method. However, in case that the photosensitive transfer sheet shown in Fig. 
5 is used, it is necessary to make alignment of positions at which to form the colunmar 
spacers SP and positions at which to disperse the grains RU of the photosensitive 
transfer sheet. In case that the photosensitive transfer sheet shown in Fig. 6 is used, the 
process of peeling the base film BSF after the photosensitive resin layer PRS is stuck to 
the protective layer OC is facilitated. 

According to the present embodiment, it is possible to improve the mechanical 
strength of the columnar spacers for uniformalizing the cell gap, and it is possible to 
accurately and readily form the colxramar spacers. 

Figs. 8 A to 8D are schematic process diagrams illustrating a second 
embodiment of the fabrication method for the color filter substrate, inclusive of a 
columnar-spacer forming method using the photosensitive transfer sheet described 
above with reference to Fig. 4, and the second embodiment is processed in the order of 
Steps (A) to (D) similar to Figs. 7A to 7D. The present embodiment differs from the first 
embodiment described above with reference to Figs. 7A to 7D in the handling of the base 
film which constitutes the photosensitive transfer sheet. 

(A) The substrate SUB2 is a glass substrate having a thickness of 0.7 mm or 
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1 . 1 mm, and a black photosensitive resin is applied to the substrate SIJB2 and is exposed 
via a photomask (exposure mask) having a predetermined aperture pattem which 
corresponds to the layout pattem of a black matrix, developed and calcined, for forming 
the black matrix BM thereby. 

Then, the steps of exposure, development and calcination similar to the 
above-described steps are repeated with photosensitive red, green and blue resins, 
thereby sequentially forming the color filter FIL (the red-colored layer FIL(R), the 
green-colored layer FIL(G) and the blue-colored layer FIL(B)). 

The protective layer (leveUng layer) OC is deposited to cover the upper 
portion of the color filter FIL formed in this maimer. (Regarding the above steps, refer to 
Fig. 8A). 

Then, the photosensitive transfer sheet TFS having the photosensitive resin 
layer PRS in which the siUca grains RU are dispersed and arrayed being stacked on the 
base film BSF is stuck to the protective layer OC. At this time, the photosensitive 
transfer sheet TFS is stuck to the protective layer OC so that the photosensitive resin 
layer PRS of the photosensitive transfer sheet TFS is fixed to tiie protective layer OC. 
This step is similar to the embodiment shown in Fig. 7A. 

(B) After the photosensitive resin layer PRS has been stuck to the protective 
layer OC, the base film BSF is left thereon without being peeled. (Refer to Fig. 8B.) 

(C) The photomask PMSK having an aperture pattem which corresponding to 
positions at which the columnar spacers SP will be formed (in this step, immediately 
above the black matrix BM) is stacked on the base film BSF of the photosensitive 
transfer sheet TFS, and the photosensitive resin layer PRS is irradiated with ultraviolet 
rays via the photomask PMSK. Li this step, the photosensitive resin is assumed to be of 
a negative type in which a portion irradiated with ultraviolet rays is hardened, but a 
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photosensitive resin of a positive type in which a portion irradiated with ultraviolet rays 
is removed by development can also be used, as described above, (Refer to Fig. 8C.) 

In the embodiment described above with reference to Fig. 7C, the photomask 
PMSK needs to be held a predetermined distance away from the photosensitive resin 
layer PRS by using arbitrary means. Li contrast, in the present embodiment, since the 
method of stacking the photomask PMSK directly on the base film BSF is adopted, it is 
possible to acurately set the gap between the photomask PMSK and the photosensitive 
resin layer PRS by changing the thickness of the base film BSF. 

(D) After exposure, the base film BSF is peeled and the unexposed portions of 
the photosensitive resin layer PRS are removed by development, and the columnar 
spacers SP in each of which the silica grains RU are dispersed and arrayed are formed by 
calcination. (Refer to Fig. 8D.) 

Incidentally, even if the photosensitive transfer sheet shown in Fig. 5 or 6 is 
used, the columnar spacers SP can be formed by a similar process. 

According to the present embodiment, it is possible to improve the mechanical 
strength of the columnar spacers for uniformalizing the cell gap, and it is possible to 
accurately and readily form the columnar spacers. 

Figs. 9A and 9B are schematic process diagrams illustrating a third 
embodiment of the fabrication method for the color filter substrate, inclusive of a 
columnar-spacer forming method using the thermal transfer sheet described above with 
reference to Fig. 4. In the present embodiment, the steps of forming the black matrix 
BM, the three-color filters FIL (FIL(R), FIL(G), FIL(B)) and the protective layer OC 
over the substrate SUB2 are similar to those of each of the above-described 
embodiments, and therefore, the illustration and description of the same steps are 
omitted. 

28 



In Step (A) of Fig. 9 A, a thermal transfer sheet TTFS is stuck to the protective 
layer OC of the color filter substrate SUB2 over which the color filter and the like are 
formed in the above-described manner. In the thermal transfer sheet TTFS, a 
thermodeposital resin TRS in which the silica grains RU are dispersed is stacked on the 
base fibn BSF. This thermal transfer sheet TTFS is disposed on the protective layer OC 
with the thermodeposital resin TRS being opposed to the protective layer OC. 

Then, on the side of the base film BSF, a thermal head TH is made to abut on 
each position at which to form a columnar spacer, whereby the position is heated. The 
present embodiment adopts the method of sequentially heating each position at which to 
form a columnar spacer, while moving the thermal head TH as indicated by arrows in 
Fig. 9A with the color filter substrate SUB2 being fixed. However, the thermal transfer 
sheet TTFS and the color filter substrate SUB2 may also be moved with the thermal head 
TH being fixed. In this case, by adjusting the amount of feeding of the thermal transfer 
sheet TTFS, it is possible to prevent residues of the thermodeposital resin TRS firom 
occurring as shown in (B) of Fig. 9B. This is preferable in terms of a reduction in the 
material cost of the thermal transfer sheet TTFS. 

Incidentally, this.heating method using a thermal head is not limitative, and a 
method of irradiating predetermined locations with heating radiation such as laser light 
may also be adopted. 

In this step, the thermodeposital resin TRS of the thermal transfer sheet TTFS 
which lies at each position at which to form the colimmar spacer is thermally fiised to the 
protective layer OC. 

After the thermodeposital resin TRS which lies at each position at which to 
form the columnar spacer has been fused to the protective layer OC, the columnar 
spacers SP are formed by peeling the thermal transfer sheet TTFS firom the color filter 



29 



substrate SUB2 (B). 

According to this embodiment, the processing of forming the columnar 
spacers SP is simplified because there is no need for a photolithographic process such as 
the method described above with reference to Figs. 7A to 7D or Figs. 8A to 8D. 

Although the embodiment shown in Figs. 9A and 9B uses, as a transfer sheet, 
the thermal transfer sheet shown in Fig. 4, the thermal transfer sheet shown in Fig. 5 or 6 
can be used similarly to the above-described one. 

The active matrix substrate SUBl can be fabricated by a process similar to the 
known process of forming a thin film transistor. This active matrix substrate SUB l uses 
a glass substrate having a thickness of 0.7 mm or 1.1 mm, and deposition and patterning 
are repeated over this substrate. Thus, thin film transistors TFT made of amorphous 
silicon AS, and storage capacitances Cstg as well as electrode groups such as pixel 
electrodes PX, soiu'ce electrodes SDl and counter electrodes CT are formed. In addition, 
plural video signal lines DL, plural drain electrodes SD2 and pliural counter voltage 
signal lines CL for applying predetermined voltages to the above-described electrodes 
via thin film transistors TFT as well as plural scanning signal lines GL and plural gate 
electrodes GT all of which control the thin film transistors TFT are formed in a grid-like 
form. 

The thin film transistors TFT as well as the above-described electrode groups 
and lines are covered with the insulation layers GI and the protective layers PSV. After 
that, an alignment layer material is applied and calcined and the alignment layer is given 
a liquid crystal alignment control fimction by a rubbing treatment or a photoalignment 
treatment, thereby forming the orientation control film ORIl. 

[0101] 

The substrate SUBl fabricated in the above-described manner and the color 
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filter substrate SUB2 fabricated in the above-described embodiment are assembled to 
oppose each other, and the peripheral portion of the assembly is fixed with an adhesive 
material, excluding a liquid crystal filling port. Liquid crystal compounds are sealed 
between the two substrates, and the Uquid crystal filling port is sealed with an 
end-sealing material. 

After that, the gap between the two substrates is defined with the columnar 
spacers by a press, whereby a liquid crystal display device having a predetermined cell 
gap is obtained. 

Driving means and a specific product example of a liquid crystal display 
device to which the present invention is applied will be described below. 

Fig. 1 0 is a schematic explanatory view illustrating the driving means for a 
liquid crystal display device to which the present invention is applied. The liquid crystal 
display device has an image display portion formed by an assembly of plural pixels 
arrayed in matrix form, and each of the pixels is constructed to be able to individually 
modulate and control transmitted light fi"om a back light (not shown) arranged at the 
back of the liquid crystal display device. 

The scanning signal lines GL, the counter voltage signal lines CL and the 
video signal lines DL are formed over an effective pixel area AR of the active matrix 
substrate SUBl which is one constituent element of the liquid crystal display device. 
The scanning signal lines GL and the counter voltage signal lines CL are disposed to be 
extended in the x direction (the row direction) of the effective pixel area AR and to be 
juxtaposed in the y direction (the column direction) of the same. The video signal lines 
DL are insulated fi"om both the scanning signal lines GL and the counter voltage signal 
lines CL, and are disposed to be extended in the y direction and to be juxtaposed in the x 
direction. 
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A unit pixel is formed in each of the rectangular areas surrounded by the 
scanning signal Unes GL, the counter voltage signal lines CL and the image signal lines 
DL. 

The liquid crystal display device is provided with a vertical scanning circuit V 
and a video signal driving circuit H as its external circuits. A scanning signal (voltage) is 
sequentially supplied to each of the scanning signal lines GL by the vertical scanning 
circuit V, and in synchronism with that timing, a video signal (voltage) is supplied to the 
video signal lines DL from the video signal driver circuit H. 

Each of the vertical scanning circuit V and the video signal driving circuit H is 
supplied with electric power from a liquid crystal driving power supply circuit 3, and 
image information from a CPU 1 is separated into display data and a control signal and 
inputted to the circuits V and H by a controller 2. 

Fig. 1 1 is an explanatory view showing one example of driving waveforms of 
the liquid crystal display device to which the present invention is applied. In Fig. 1 1 , a 
counter voltage is formed as an alternating current rectangular wave having two values 
VCH and VCL, and the non-selection voltage of each scanning signal VG(i - 1) and 
VG(i) is varied between two values VCH and VCL at intervals of one scanning period in 
synchronism with the counter voltage. The amplitude of the counter voltage and the 
amplitude of the non-selection voltage are made the same. 

A video signal voltage is a voltage obtained by subtracting 1/2 of the 
ampUtude of the counter voltage from a voltage to be applied to the liquid crystal layer. 

The counter voltage may also be a direct current voltage, but by forming the 
coxmter voltage as an alternating ciurent voltage, it is possible to decrease the maximum 
amplitude of the video signal voltage, whereby it is possible to use a video signal driver 
circuit (signal-side driver) of low breakdown voltage. 
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Fig. 12 is a developed perspective view illustrating the entire construction of 
the Uquid crystal display device according to the present invention, and illustrates a 
specific structure of the liquid crystal display device (hereinafter referred to as a liquid 
crystal module: MDL which integrally includes two substrates SUBl and SUB2, driving 
means, a back Ught and other constituent members). 

Symbol SHD denotes a shield case made of a metal sheet (also called a metal 
frame), symbol WD a display window, symbols INSl to INS 3 insulating sheets, 
symbols PCBl to PCB3 circuit boards which constitute the driving means (PCBl is a 
drain-side circuit board: a video signal line driving circuit board, PCB2 is a gate-side 
circuit board, and PCB3 is an interface circuit board), symbols JNl to JN3 joiners which 
electrically connect the circuit boards to one another, symbols TCPl and TCP2 tape 
carrier packages, symbol PNL a liquid crystal panel, symbol GC a rubber cushion, 
symbol ILS a light shielding spacer, symbol PRS a prism sheet, symbol SPS a diffusing 
sheet, symbol GLB a light guide plate, symbol RFS a reflecting sheet, symbol MCA a 
lower case (mold frame) which is formed by integral molding, symbol MO an aperture 
of the lower case MCA, symbol LP a fluorescent tube, symbol LPC a lamp cable, 
symbol GB a rubber bush which supports the fluorescent tube LP, symbol BAT a 
double-sided adhesive tape, and symbol BL a back light made of a fluorescent tube, a 
light guide plate or the like. The liquid crystal module MDL is assembled by stacking 
diffusing plate members in the shown layered arrangement. 

The liquid crystal module MDL has two kinds of housing-holding members, 
the lower case MCA and the shield case SHD, and the metal-made shield case SHD in 
which the insulating sheets BSfSl to INS3, the circuit boards PCBl to PCB3 and the 
liquid crystal panel PNL are fixedly housed is combined with the lower case MCA in 
which the back light BL made of the fluorescent tube LP, the light guide plate GLB, the 
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prism sheet PRS and the Uke are housed. 

An integrated circuit chip for driving each pixel of the liquid crystal panel 
PNL is mounted on the video signal line driving circuit board PCBl, and an integrated 
circuit chip for receiving a video signal and a control signal such as a timing signal from 
an extemal host, a timing converter TCON which processes timing and generates a clock 
signal and the like are moimted on the interface circuit board PCB3. 

The clock signal generated by the aforesaid timing converter is supplied to the 
integrated circuit chip mounted on the video signal line driving circuit board PCB 1 via a 
clock signal line CLL which is formed in the interface circuit board PCB3 and the video 
signal line driving circuit board PCBL 

Each of the interface circuit board PCB3 and the video signal line driving 
circuit board PCBl is a multilayer printed circuit board, and the clock signal line CLL is 
formed as an internal layer line of the interface circuit board PCB3 and the video signal 
line driving circuit board PCB 1 . 

The drain-side circuit board PCB 1 , the gate-side circuit board PCB2 and the 
interface circuit board PCB3 for driving TFTs are connected to the liquid crystal panel 
PNL by the tape carrier packages TCPl and TCP2, and these circuit boards are 
connected to one another by the joiners JNl, JN2 and JN3. 

The liquid crystal panel PNL is a lateral electric field type of liquid crystal 
display device according to the above-described present invention, and is provided with 
the aforesaid columnar spacers of the above-described embodiments for maintaining the 
gap between the two substrates at a predetermined value. 

Fig. 13 is a perspective view of a notebook type computer which is one 
example of electronic equipment in which a liquid crystal display device according to 
the present invention is mounted. 
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This notebook type computer (portable personal computer) is made of a 
keyboard block (body block) and a display block which is joined to the keyboard block 
by a hinge. The keyboard block houses signal generating functions such as a keyboard, 
a host (host computer) and a CPU. The display block has the liquid crystal panel PNL, 
and the driving circuit boards PCBl and PCB2, the PCB3 provided with the control chip 
TCON, and an inverter power supply board which is a back Ught power supply are 
mounted in the peripheral portion of the liquid crystal panel PNL. 

In addition, the liquid crystal module described above with reference to Fig. 
12, which is integrally provided with the liquid crystal panel PNL, the various kinds of 
circuit boards PCBl, PCB2 and PCB3, the inverter power supply board and the back 
light, is moimted in the notebook type computer. 

Incidentally, the above embodiments have been described with reference to a 
constmction in which the present invention is applied to a so-called lateral electric field 
type of liquid crystal display device, but the present invention is not limited to this 
construction and, as a matter of course, can similarly be applied to another type of liquid 
crystal display device whose cell gap needs to be kept uniform, because grains are 
contained in spacers. 

As described above, according to the present invention, since columnar 
spacers are arrayed between video signal lines and counter electrodes or arrayed to cover 
the areas between the vide signal lines and pixel electrodes and grains of the 
substantially same size as a cell gap are contained in the columnar spacers, the cell gap in 
the display screen can be uniformly formed so that the brightness of the display screen 
becomes uniform. 

In addition, since the liquid crystal in the area between each of the electrodes 
is partly eliminated, light transmitted through the area between each of the electrodes is 



35 



not easily affected by an electric field formed between these electrodes. 

Accordingly, the amount of light leak from the area becomes small, and 
contrast and brightness are improved, and the occurrence of crosstalk is prevented, 
whereby it is possible to obtain a liquid crystal display device capable of displaying a 
high quality image. 

While we have shown and described several embodiments in accordance with 
the present invention, it is understood that the same is not limited thereto but is 
susceptible of nimierous changes and modifications as known to those skilled in the art, 
and we therefore do not wish to be limited to the details shown and described herein but 
intend to cover all such changes and modifications as are encompassed by the scope of 
the appended claims. 
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WHAT IS CLAIMED IS: 

1 . A liquid crystal display device comprising: 

a liquid crystal panel having a pair of substrates at least one of which is 
transparent, a black matrix having a plurality of openings and being formed over one of 
the pair of substrates, at least two or more kinds of color filters having different colors 
from each other for displaying a color image and being formed at the plurality of 
openings of the black matrix respectively, a group of electrodes formed over at least one 
of the pair of substrates, a liquid crystal layer having dielectric anisotropy and being 
interposed between the pair of substrates, and an orientation control layer for aligning a 
molecular orientation of liquid crystal compounds constituting the liquid crystal layer in 
a predetermined direction; and 

driving means for applying driving voltages to the electrode groups, 
wherein at least one of the pair of substrates are spaced from one another by 

« * 

columnar spacers made of a resin in which grains having a size approximately equal to a 
thickness of the liquid crystal layer is approximately uniformly dispersed. 

2. A liquid crystal display device according to claim 1 , wherein a diameter of the 
grains being contained in the columnar spacers is smaller than the thickness of the liquid 
crystal layer at a central portion of a pixel of the liquid crystal panel being defined by the 
opening of the black matrix. 

3. A liquid crystal display device according to claim 1, wherein a dielectric 
constant or an electric conductivity of the columnar spacers is higher than that of liquid 
crystal compounds constituting the liquid crystal layer, and each of the columnar spacers 
is formed in a portion between the signal line and a common line which are disposed at a 
position hidden by the black matrix. 
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4. A method of fabricating a liquid crystal display device which includes: a 

liquid crystal panel having a pair of substrates at least one of which is transparent, at 
least two or more kinds of color filters of different colors for displaying a color display 
being formed over one of the pair of substrates, a black matrix spacing the color filters, a 
group of electrodes including signal lines and common lines all of which are formed 
over another of the pair of substrates, a liquid crystal layer having dielectric anisotropy 
and being interposed between the pair of substrates being opposed to one another with a 
predetermined gap, an orientation control layer for aligning a molecular orientation of 
the liquid crystal layer in a predetermined direction, and columnar spacers of a resin in 
which grains having a size approximately equal to a predetermined thickness of the 
liquid crystal layer is dispersed with uniform density and which are formed over at least 
one of the pair of substrates; a pair of polarizers being stacked on the respective 
substrates so as to intersect polarizing axes thereof with one another; and driving means 
for applying driving voltages to the group of electrodes, 
comprising steps of: 

sticking a photosensitive transfer sheet having a photosensitive resin layer 
stacked over a surface of a base film to one of the pair of substrates, by opposing the 
photosensitive resin layer to the one of the pair of substrates, the photosensitive resin 
layer containing grains having sizes approximately equal to the predetermined gap; and 

exposing the photosensitive resin layer via a mask having an aperture pattem 
corresponding to positions at which the columnar spacers will be formed, developing the 
photosensitive resin layer, and removing an unexposed portion of the photosensitive 
resin layer leaving an exposed portion thereof on the one of the pair of substrates, so as 
to form the colimmar spacers of a resin in which grains having sizes approximately equal 
to a thickness of the liquid crystal layer are approximately uniformly dispersed. 
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5. A method of fabricating a liquid crystal display device which includes: a 

liquid crystal panel having a pair of substrates at least one of which is transparent, at 
least two or more kinds of color filters of different colors for displaying a color display 
being formed over one of the pair of substrates, a black matrix spacing the color filters, a 
group of electrodes including signal lines and conmion lines all of which are formed 
over another of the pair of substrates, a liquid crystal layer having dielectric anisotropy 
and being interposed between the pair of substrates opposed to each other with a 
predetermined gap, an orientation control layer for aligning a molecular orientation of 
the liquid crystal layer in a predetermined direction, and columnar spacers made of a 
resin in which grains having sizes approximately equal to a desired thickness of the 
liquid crystal layer is dispersed with uniform density, the coliminar spacers being 
formed over at least one of the pair of substrates: a pair of polarizers being stacked on the 
respective substrates so as to intersect polarizing axes thereof with each other; and 
driving means for applying driving voltages to the electrode groups, 
comprising steps of: 

sticking a thermal transfer sheet having a thermod^osital resin layer stacked 
over a surface of a base film to one of the pair of substrates, by opposing the 
thermodeposital resin layer to the one of the pair of substrates, the thermodeposital resin 
layer containing grains having sizes approximately equal to the predetermined gap; and 

heating certain portions of the thermal transfer sheet selectively corresponding 
to positions at which the columnar spacers will be formed, fiising only the heated 
portions of the thermodeposital resin layer to the one of the pair of substrates, and 
removing the thermal transfer sheet together with unheated portions of the 
thermodeposital resin layer fi-om the one of the pair of substrates, so as to form the 
columnar spacers each made of a resin in which grains each having a size approximately 
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equal to a thickness of the Uquid crystal layer is approximately uniformly dispersed. 

6. A liquid crystal display device comprising: 

a pair of substrates comprising a first substrate having a first main surface and 
a second substrate having a second main surface being arranged by opposing main 
surfaces thereof to one another with a predetermined gap therebetween; 

a liquid crystal layer being interposed between the pair of substrates; 

a plurality of signal lines being formed over the first main surface; 

a plurality of electrodes being formed over the first main surface and 
constituting a plxirality of pixels respectively, each of which is connected to one of the 
plurality of signal lines for receiving a voltage to be applied to the liquid crystal layer; 

a plurality of spacers being disposed between the first and second main 
surfaces for keeping the predetermined gap thereby, each of the plurality of spacers is 
formed of a first material in which a plurality of grains being formed of a second material 
are dispersed; 

wherein each of the plurality of spacer includes a first portion covering one of 
the plurality of signal lines and a second portion covering an area between the one of the 
plurality of signal lines and one of the plurality of electrodes adjacent thereto, at least 
one of the grains being dispersed in the first portion determines a thickness of the spacer 
at the first portion. 

7. A liquid crystal display device according to claim 6, wherein the first material 
has a smaller in elasticity or softer than the second material. 

8. A liquid crystal display device according to claim 6, wherein the plurality of 
spacers are formed over the second main surface and the first potion in each of the 
plurality of spacers is opposed to one of the plurality of signal lines. 



40 



9. A liquid crystal display device according to claim 6, wherein at least one of the 
grains being dispersed in the first portion in each of the plurality of spacers is in contact 
with the uppermost surface of layers being stacked on one of the first and second main 
surfaces of the pair of substrates being opposite to the plurality of spacers. 

10. A liquid crystal display device according to claim 9, wherein the plurality of 
spacers are covered by an orientation film being formed over another of the first and 
second main surfaces, and the at least one of the grains in the first portion in each of the 
plurality of spacers is in contact with the uppermost one of layers being stacked on the 
one of the first and second main surfaces via the orientation film. 

11. A liquid crystal display device according to claim 6, fiirther comprising at 
least one electrode being formed over the second main surface and being opposite to at 
least one of the plurality of electrodes. 

12. A liquid crystal display device according to claim 6, fiirther comprising at 
another group of electrodes being formed over the first main surface, each of which is 
disposed in one of the plurality of pixels, and the one of the plurality of electrodes 
constituting the one of the plurality of pixels is positioned between the one of the 
plurality of signal lines adjacent to the one of plurality of electrodes and one of the 
another group of electrode being disposed in the one of the plurality of pixels. 
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ABSTRACT OF THE DISCLOSURE 

For preventing brightness irregularity of a display screen of a liquid crystal 
display device due to non-uniformity of a gap between a pair of substrate thereof for 
interposing a liquid crystal layer: a cell gap, and also for preventing a decrease in 
brightness and occurrence of crosstalk therein, the present invention uses a transfer sheet 
formed of a resin PRS in which grains RU having sizes defining a preferable cell gap are 
dispersed being stacked on a base film for fabrication process of the liquid crystal 
display device, and provides columnar spacers SP containing the grains RU over a 
surface of either a color filter substrate or an active matrix substrate of the liquid crystal 
display device by transferring the resin PRS to the substrate. 
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